In this paper the Delaware Method published in 1963 is analyzed and upgraded with using correction factors which take into account the undesirable currents of the mean flow. However, this method presents graphically these correction factors which imply an impediment to fulfill the software calculations. Thus, the equations corresponding to the correction factor equations and a Fortran 77 numerical program were established. This system is given to explore different design alternatives in order to find the optimal solution to each proposed problem. The results of this work was a simple software that can perform calculations with the introduction of parameters depending only on the geometry of the heat exchanger, i.e., geometry, temperature and fluid characteristics eliminating the human errors and increasing the calculations speed and accuracy.
Introduction
The method is established in the heat transfer analysis and in the pressure losses of the fluid which flows through the shell side [1] [2] .
In order to complete the heat exchanger analysis, it is essential to consider the different currents generated by the shell side flow, as is shown in Figure 1 . This figure has been modified by Palen and Taborek [3] [4] in regard to the original version proposed by Tinker [5] . Here five different streams are identified side of the shell. The current B is known as the mean mixed flow and flows through the mixed flow section and the window section of the heat exchanger. This is the ideal current flowing in the shell side of a heat exchanger.
Besides of flow B, there are four more flows which are present due to the free spaces and cavities between the shell and the deflectors and they provoke a modification of the current B performance.
The different leakages and recirculation currents influence the heat flux transfer in two ways: 1) Reduce the current B resulting in a drop of the heat transfer global coefficient.
2) Modify the shell-side temperature distribution. The Delaware method considers these effects as correction factors in the heat transfer coefficient and the loss pressure calculations.
The basic equations of the heat exchangers thermal design are: 
In the Equation (2), h cc is the fluid convection coefficient flowing in the shell and it is obtained by Equation (3) . In this equation the correction factors are included, the correction factors
* r J and J s , which consider the different currents shown in Figure 1 .
For the hydraulic design is required to determine the fluid pressure loss through the shell side and it must be included the correction factors f i , R b , R l and R s . The corresponding calculation is made using the next equation:
It is observed that the principal problem using the Delaware Method is the determination of the eleven correction factors of which nine are obtained graphically. In the next section, the nine correction factors will be presented analytically. The original version only presents analytically the J s and R s correction factors.
Shell Side Correction Factor Equations
According to the Delaware method, after the geometrical parameters computations, the heat transfer and loss pressure are estimated considering the correction factors. This special case will be shown in the next section by using the appropriate Equations [6] - [8] . 
Correction Factor J i
This factor depends on the Reynolds Number Re c and the tube arrangement as is established in the next equation: 
This equation is applied to the different arrangement tube types: triangular, square, and rhombic. For each case, the constant are presented in Table 1 . It was determined 4% as that the maximum error between the equations and the graphic presentation.
Correction Factor J c by the Baffle Configuration Effect
The deflector geometry and especially the window cross-section shape provoke currents where the effects are considered in the correction factor J c . This factor is determined in a mathematical way as following:
The values of each constant are presented in Table 2 . Comparing the graphics obtained by Equation (6) and the original one, the maximum error established is 5%.
Correction Factor by Baffle Leakages Effect, J l
The fluid that does not exchange heat owing to the leakage through the gap formed by the tubes and the baffles as well as through the shell and baffle is considered in the correction factor J l . This factor is obtained using the Equation (7) where:
and
The constants required by this equation are available in Table 3 . Comparing the original graph against that one getting by Equation (7), the maximum error is 2%. 
Correction Factor by Recirculation Flow Effect, J b
The recirculation currents do not exchange heat through the tubes and this issue is considered by the correction factor J b . This factor is computed by Equation (8) which is based on F sbp . The constant of the Equation N 2 = N ss /N c are defined in Table 4 in terms of Re c . 3  4  2  3  4  2  2  2  2  2  2  2  2   2  3  4  2  3  4  2  3  2  2  2  2  2  2  2  2   2  3  4  4  2  2  2  2 A
A maximum error of 1.3% is result of comparing the original graph against that one obtained by Equation (8).
Correction Factor by Adverse Temperature Gradient J r
This factor has the value of 1 if Re c ≥ 100. When Re c fluctuation is between 0 and 100, the next criterion is used: 1) If Re c ≤ 20, J r will acquire the same value as * r J using the Equation (9), and knowing that N b and N 1 = N c + N cw are constants which are shown in Table 5 .
A maximum error of 1.9% is result of comparing the original graph against that one obtained by Equation (8) .
2) If 20 ≤ Re c ≤ 100, J r is computed by Equation (10) which depends on * r J , Re c and Table 6 constants. In the previous equation, * r J is calculated by Equation (9). Comparing both graphics, the original and that one obtained by Equation (10), it is observed as maximum error 3.8%.
Correction Factor by Uneven Baffle Spacing at the Inlet and/or Outlet, J s
This factor has an effect when exist a different baffle distribution at the inlet and/or outlet and along the tube bundle and it is computed by Equation (11) 
where n′′ = 0.6 for turbulent flow and (Re c > 100). n′′ = 1/3 for laminar flow and (Re c < 100).
Correction Factor by Friction of an Ideal Bank Tubes f i
The correction factor by friction in a triangular and rotated square set is determined in function of Re c and the constants presented in Table 7 by the Equation (12). A maximum error of 4.9% is result of comparing the original graph to that one obtained by Equation (12).
Pressure Loss Correction Factor by Tube-Baffle Leakage R l
The introduction of this correction factor is due to the leakage of the tube bundle and it is computed by Equation (13) which is in terms of ( ) 
The constants required by the equations are established in Table 8 . Comparing the original graph and that one obtained by Equation (13) is observed a maximum error of 4.5%. 
Pressure Loss Correction Factor by Recirculation Effect R b
This correction factor is provoked by circulation currents in the heat exchanger and it is computed by Equation (14) which is in terms of F sbp and 
The constants demanded by the equation are defined in Table 9 and they are in terms of Re c number. Comparing the original graph and that one obtained by Equation (14), the maximal error found is 1.3%.
Pressure Loss Correction Factor by Uneven Baffle Spacing at the Inlet and Outlet
This correction factor is proposed by the uneven baffle spacing at inlet and outlet of the heat exchanger and this factor is calculated by Equation (15).
( ) ( )
where n′ = 1.6 for turbulent flow (Re c > 100). n′ = 1 for laminar flow (Re c < 100).
Calculus Program
Having the correction factors in an analytical form, it was developed a calculus program using the FORTRAN 77 language which will design quickly the shell and tubes heat exchanger through the improvement DELAWARE Method. This computing program is described next:
Flow Chart Program
The flow chart used for the shell and tubes heat exchanger is presented in Figure 2 .
As from this flow chart, it was made the heat exchanger design program using the executable BELL since it runs in MS DOS platform.
Conclusions
This work has presented the improvements to the Delaware method for the shell and tube heat exchanger design. These improvements were made up not only of obtaining the correction factor equations which were only available in graphic forma but also of developing the computing program in Fortran 77 language.
Thus, a new and easy tool for the shell and tubes heat exchanger design is available which allows accomplishing the numerical computing in a quick form minimizing the errors of the graphical lecture. This system gives the opportunity to explore different design alternatives in order to find the optimal solution to each proposed problem.
Recent years, heat exchanger is often used for the request of technology. But the relevant design is not provided by the actual standards. This work presents the improvements to the Delaware method for the shell and 
